W
hen a child or adolescent with type 1 diabetes is unable to consume or absorb oral carbohydrate because of nausea and vomiting associated with gastroenteritis or because of oppositional behavior in a young child, hypoglycemia should be anticipated. To maintain blood glucose concentrations in a safe range, parents either seek medical attention in their local emergency room or must force oral carbohydrate in an ill child, which frequently leads to more vomiting.
Based on previous clinical experience (1), a treatment algorithm was developed. Wehypothesizedthattheuseofsmall,subcutaneous doses of aqueous glucagon and home glucose monitoring would prevent or treat mild hypoglycemia in diabetic children with gastroenteritis without increasing the frequency of vomiting. The parents were in intermittent contact with a diabetes nurse or the physician on call until the clinical problem resolved or the patient was referred to an emergency ward. If at 30 min the glucose was essentially unchanged, the initial dosage was doubled and injected at that time. Once the glucagon was reconstituted, the parents were requested to keep it refrigerated, discard it after 24 h, and replenish their supply immediately after this acute episode. In all cases, at least 500 g of glucagon was held in reserve (or the family had a second unopened glucagon kit at home).
RESEARCH DESIGN AND METHODS

Study protocol
Patient population
The patients were self-selected by parents calling for assistance. The data were collected over an 18-month period. Two children had two episodes separated by ϳ10 months each and one child had three
episodes ϳ4 -5 months apart over this same period of time. Statistical comparisons were made using a paired Student's t test. All data are expressed as means Ϯ SE.
RESULTS -The mean age of the patients was age 6.6 Ϯ 0.7 years (range, 1 patient age 10 -12 years to 17 patients ages 11-12 years) with a mean duration of diabetes of 1.9 Ϯ 0.5 years (range, 1 patient at 1 month to 13 patients at 11-12 years). Of the 33 episodes of impending or mild hypoglycemia, 28 were the result of gastroenteritis, characterized by nausea and vomiting (in some patients accompanied by fever and/or diarrhea). In the remaining 5 episodes, the children refused to eat or drink at a time when their blood glucose was relatively low. Of these 5, 3 were ages 3.0 -3.5 years and 2 were age 10 years. The initial episode of impending hypoglycemia was treated with glucagon 6.4 Ϯ 0.9 h (range 1.5-24 h) from the patient's last insulin injection.
Glycemic response
Glycemic response for the 33 subjects is shown in Fig. 1 . At the time of the initial administration of glucagon, blood glucose was 3.44 Ϯ 0.15 mmol/l (range 1.33-5.56; n ϭ 33); 30 min after glucagon administration (6.5 Ϯ 0.7 units [65 Ϯ 7 g]), blood glucose increased to 8.11 Ϯ 0.72 mmol/l (range 5.44 -24.5; P Ͻ 0.001). In only two children, both with gastroenteritis (ages 3 and 12.7 years), was it necessary to double the initial dosage because blood glucose failed to rise (3.
] mmol/l, respectively) over the initial 30 min. In one case, the last insulin dose was 2 h before the glucagon, and in the second, it was 4 h before the glucagon. In these two children, the larger dose of glucagon increased their blood glucose from 3.16 to 5.83 and 3.33 to 6.27 mmol/l, respectively. In 14 other children, the glucose subsequently decreased to 3.48 Ϯ 0.18 mmol/l (range 2.44 -5.33), but again increased to 6.94 Ϯ 0.72 mmol/l (range 4.17-13.9; P Ͻ 0.01) after administration of a second dose (7.0 Ϯ 1.5 units of glucagon). In 4 of those 14 children, the glucose once again decreased to 4.27 Ϯ 0.40 mmol/l (range 3.11-4.94), but then increased to 9.39 Ϯ 2.28 mmol/l (range 5.44 -15.9; P Ͻ 0.01) after administration of a third dose (5.8 Ϯ 1.9 units of glucagon). In the children ages Ͻ5 years (n ϭ 15), the blood glucose increased from 3.27 Ϯ 0.22 to 8.67 Ϯ 1.39 mmol/l after the initial dose of glucagon, whereas in the children ages 5-10 years (n ϭ 12) and Ͼ10 years (n ϭ 6), it increased from 3.61 Ϯ 0.28 to 8.28 Ϯ 0.28 and from 3.50 Ϯ 0.28 to 6.39 Ϯ 1.28 mmol/l, respectively.
Outcomes
In no instance was acute nausea or vomiting reported by the parents immediately after the glucagon injection, despite ongoing gastroenteritis in most cases. In 28 of the 33 patients, the child remained at home and fully recovered. Five were referred to their local emergency ward because of concerns about dehydration secondary to ongoing vomiting and/or diarrhea or for fever, but none because of hypoglycemia.
CONCLUSIONS -This report provides evidence that small doses of glucagon have great utility in the management of impending hypoglycemia in children and adolescents (and possibly adults) with gastroenteritis or poor oral intake of carbohydrates. Glucagon, in dosages of 20 -150 g, resulted in an average increase in blood glucose of 3.33-5.00 mmol/l within 30 min of its administration, with a duration of effect of ϳ60 min. In half of the children, the plasma glucose was subsequently maintained in an acceptable range. For 14 children it was necessary to give a second dose over the course of their illness. Given in these dosages, subcutaneous glucagon did not result in a perceived worsening of the patient's nausea, and in none of these individuals did it result in emesis immediately after glucagon administration, as is commonly observed with the recommended single large (500 -1,000 g) dose. In each case, the plasma glucose was maintained in an acceptable range over the peak action times of the administered insulin.
The relative hypoglycemia observed was presumably the result of insulin's effects of decreasing hepatic glucose release and increasing peripheral glucose utilization (2) . The hyperglycemic effect of glucagon is solely the result of increased hepatic glucose production (3, 4) , as no peripheral effect of glucagon on glucose disposal has been reported. In addition, patients treated with insulin are known to have a defective glucagon counterregulatory response to hypoglycemia (5, 6) . Therefore the glycemic response observed in the present study strongly supports the finding that the relative hypoglycemia in these children was the result of relative hyperinsulinemia (2).
We do not know the potency of reconstituted glucagon over time, nor do we know the duration of clinical efficacy of repeated doses. However, our present and previous experiences (1) suggest that repeated administration of subcutaneous glucagon continues to have a therapeutic effect at these dosages, after five sequential administrations, and over a 25-h period of time. In addition, glycemic response observed in a 14-and 18-year-old adolescent with 14 and 15 units of glucagon, respectively, suggest that this modality of treatment might be extended into the adult population.
In this study we used mini-dose glucagon in a very specific but not uncommon condition of relative hypoglycemia in the context of gastroenteritis or poor oral carbohydrate intake. For severe insulin reactions, we continue to advocate and use the much larger recommended dosages in children. However, our data suggests that the use, dosage, and route of administration of glucagon need to be carefully reexamined.
